[Abstract] Spinal cord injury (SCI) can lead to severe disability, paralysis, neurological deficits and even death. In humans, most spinal cord injuries are caused by transient compression or contusion of the spinal cord associated with motor vehicle accidents. Animal models of contusion mimic the typical SCI's found in humans and these models are key to the discovery of progressive secondary tissue damage, demyelination, and apoptosis as well as pathophysiological mechanisms post SCI. Here we describe a method for the establishment of an efficient and reproducible contusion model of SCI in adult rat.
Procedure

Ethical statement: Adult female Sprague-Dawley (SD) rats (225-250 g) were used in this protocol.
All procedures involving animals were approved by the Animals Committee of Taipei Veterans
General Hospital (permit numbers IACUC 2014-137 and IACUC 2015-253) and were in accordance with the Guide for the Care and Use of Laboratory Animals outlined by the National Institutes of Health.
1. All instruments (toothed forceps, tip, clamps, retractor, needle holder, scalpel handle and scissors) that touch the inside of the wound must be sterilized using the dry sterilizer.
2. Set up the PC and start the impactor program.
3. Place the rat into the induction chamber. 4 . Turn on the airflow (1-1.5 L/min with isoflurane 5%) and then monitor the rat until recumbent.
5. Move the anesthetized rat from the chamber to the mask of anesthesia system and set the level of isoflurane to 1.5-2%. 6 . Maintain the rat's core body temperature at 36-37 °C on a warming pad with an electrical temperature controller of the rectal probe.
7. Shave the thoracic area and apply the povidone-iodine solution on the shaved area. Figure 1D ).
12.
Place the tip at 0 mm and then lower down the rod to let the tip touch the dura of the spinal cord ( Figure 1E , Left). When the tip touches the dura, the black box of the impactor will produce light and make a buzzing sound ( Figure 1E , Right).
www.bio-protocol.org/e2337 The toothed forceps pushed the middle of clamped vertebral bone slightly in order to ensure the vertebral bone is clamped well and stable. E. The tip was placed at 0 mm by an inserted pin; the tip can be raised up and held at specific heights (6.25, 12.5, 25 or 50 mm; Left). When the tip touches the dura, the black box of the impactor will produce light and buzzing sound (Right). bladder on the lower abdomen with the thumb and first two fingers of the other hand.
13. Raise the rod and hold the tip by the inserted pin at specific heights (included 6.25, 12.5, 25 or 50 mm). Manually pull the inserted pin to let the rod fall onto the exposed dura by gravity at T9
to produce a contusion injury. 14. After contused, the subdural hemorrhage can be seen clearly under dura ( Figure 1F ).
15. Raise the tip and release the clamps gently from the vertebral column.
16. The wound is continuously closed with chromic catgut (4/0) for muscle, and interrupted suturing with nylon suture (3/0) for skin ( Figure 1G ).
17. Turn off the anesthesia system and then place the rat back to the cage which is on the heating pad.
Note: The entire procedure takes about 1 h, and the rat should be woken up within 10-20 min after removing the isoflurane. Slightly press the paw of the rat, the reflex action of hind limb
should not be present 24 h after SCI. In our experience, the mortality rate of rat is under 5%. 19. The rat is taken care of in a conventional animal house and maintained at a 12-h light-dark cycle. Manual emptying of the rat's bladder is performed twice daily by squeezing the lower abdomen ( Figure 1H ).
Note: Most rats show hematuria at 1-3 days after contused. If bloody urine does not empty well or a large residual volume of urine is left in the bladder after SCI, it might cause cystitis, infection, and even death.
Data analysis
1. Lesion volume SCI resulted in cavitation and demyelination, which expanded the extent of damage (Poon et al., 2007) . Luxol fast blue (LFB) and hematoxylin and eosin (H&E) stains were used to identify www.bio-protocol.org/e2337 cavities and myelinated white matter respectively. The staining procedures followed the manufacturer's protocols. Images were photographed from the rostral end to caudal end throughout the injury site at 2.5x magnification with a microscope camera. Contusion (50-mm height) caused the most of gray matter losing and few white matter sparing (Figure 2 ). showed that SCI rat by LFB staining (Upper) and the continued slides for H&E staining (Bottom) (-2 mm, 0 mm, and 2 mm; scale bars = 250 μm).
Locomotor score
The Basso, Beattie, and Bresnahan (BBB) open field score is used to evaluate locomotion of the hindlimbs (Basso et al., 1996) . Briefly, the rat was placed on the mat (size: 100 x 100 x 40 mm) and scored by BBB test from 0 (no observable hindlimb movement) to 21 (normal hind-limb movement) points. The low end of the BBB score (0-8) is characterized by each hind-limb joint movements, the intermediate (9) (10) (11) (12) (13) (14) and high (15-21) are characterized by weight support, forelimb hindlimb coordination stepping, toe clearance, predominant paw position and tail position (for a detailed description of BBB scores, please see the reference by Basso et al., 1996) . Behavioral analyses were conducted and recorded using a video camera every week by both blinded examiners. The weekly scores of each hindlimb from examiners were averaged together to yield one score. Groups by different grades (or treatments) could be compared using a two-way analysis of variance (ANOVA) with Bonferroni's post hoc test.
According to the study by Basso et al. (1996) , the locomotor scores were greatest in the 6.25 mm group and lowest in the 50 mm group (please refer to step 13). 
